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Abstract: A high performance liquid chromatographic (HPLC) method for the deter-
mination of tocopherols and tocotrienols in walnut samples is described. The
compounds were extracted with n-hexane, using a simple solid-liquid extraction
procedure. Tocol was used as internal standard and BHT as anti-oxidant. The ehroma-
tographic separation was achieved using an Inertsil 5 SI normal phase column
operating with isocratic elution of n-hexane/1,4-dioxane (96.5:3.5, v/v), at a flow
rate of 0.7 mL/min. The effluent was monitored by a series arrangement of a diode-
array detector followed by a fluorescence detector. The detection limits were
low, between 0.037 and 0.266 (jig/mL. The method was precise (% CV less than
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2.8%), accurate (% CV less than 5.6%), and, as a general rule, the recovery values were
high (mean values ranging from 93.4% to 104.C
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INTRODUCTION
Tocopherols and tocotrienols are widely distributed in nature, and can be
found in vegetable tissues such as seeds, nuts, cereals, and fruits, and
also in foods of animal origin such as eggs and dairy products.''^ The
generic term Vitamin E is frequently used to describe tocopherols and
tocotrienols since they are a group of structurally related compounds.'^ '"^^
They all share a common basic structural unit, based on a 6-chromanol
ring with a side chain.'^ '"^^ In nature, four tocopherols can be found (a-, j8-,
y- and S-T) together with their four corresponding unsaturated tocotrienols
(a-, )3-, y- and 5-TTR). As a consequence of their phenolic structure,
tocopherols and tocotrienols are thought to possess strong antioxidant
activity, conferring protection against lipid peroxidation in biological
tissues and foods.'^ '"^^ Although in the past, a-tocopherol has been labelled
as the most efficient antioxidant among this family of compounds, being, in
consequence, the most studied member; there are many recent studies
focusing on the biological activities and health effects of the other vitamin
E isoforms.f'*"^^
High performance liquid chromatography (HPLC) is, currently, the
technique of choice in the determination of tocopherols in foodstuffs. '^'^ ^
Although there are several reports referring the determination of tocopherols
by reversed phase (RP) HPLC, nonnal phase (NP) HPLC has the advantage
of allowing the resolution of the four isomers (a, /3, y and S)."'' ' RP-HPLC
does not allow the complete resolution of /3 and y isomers, and consequently,
in RP-HPLC these two vitamers are quantified together.'^ ^~''*^ Although
several detectors have been used in the analysis of these compounds,'^'^''^'
the more common include the ultra-violet and the fluorescence detectors.
Tocopherols have been extensively analysed in food products such as
vegetable oils,'^''°'''^''^l margarines,^'^^ milk and milk products,"'•'^'^°'^'^
seeds,'^^' and also in tissues and biological fluids,'*'^'''^'*^ but there are
limited data conceming the determination of tocotrienols.^^^"^^^ Walnuts
are a food product characterized by high quantities of unsaturated lipids,
therefore expected to be particularly sensible to oxidation processes. Never-
theless, this kind of food is usually rich in Vitamin E, which functions protec-
tively,"^ both for the matrix itself and for those who consume it. However,
bibliographic data regarding the determination of these compounds in
walnuts is scarce and just refers to tocopherols composition.'^ '^ ^^ Lavendrine
and co-workers^^^^ reported a RP-HPLC method for the determination of
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tocopherols iti waltiuts, but it only allowed the good resolutioti of three
isomers. As far as we know, there are no reports concerning the simultaneous
determination of tocopherols and tocotrienols in walnuts. Due to the wide
variation of biological activities exhibited by tocopherols and tocotrienols
vitamers, the determination and quantification of the individual compounds
is becoming more important than the evaluation of the vitamin E global
content. Since walnuts are widely consumed by the population in general,
and perhaps even more in vegetarian diets, the aim of this study was to sim-
ultaneously quantify tocopherols and tocotrienols individual vitamers in
walnuts, by a rapid, reproducible, and accurate NP-HPLC method. Despite
the structural similarity of these compounds, the technique was validated
for each of the compounds under analysis.
EXPERIMENTAL
Equipment
The chromatographic analysis was carried out in an analytical HPLC unit
equipped with a PU-980 pump, an AS-950 auto-sampler, a MD-910 multi wa-
velength diode array detector (DAD), and a FP-920 programmable fluor-
escence detector (Jasco, Japan). Data was analyzed using a Borwin-PDA
Controller Software (JMBS, France). The chromatographic separation was
achieved with an Inertsil 5 SI (250 x 3 mm) normal phase column from
Varian (Middelburg, Netherlands) operating at ambient temperature.
Standards and Reagents
Standard Solutions
Tocopherols (a, j8, y and 5) and tocotrienols (a, /3, y and 8) were purchased
from Calbiochem (La Jolla, CA, USA). Individual stock solutions (5 mg/mL)
of the 8 isomers were prepared in n-hexane, flushed with nitrogen and
stored protected from light, at -20°C. A stock standard mixture, with the
different isomers in relative proportions similar to those presented by
the samples analyzed, was prepared by diluting appropriate volumes of
stock solutions with n-hexane: a-tocopherol (75 |xg/mL), j8-tocopherol
(30jjLg/mL), y-tocopherol (150fjLg/mL), S-tocopherol (75 |xg/mL),
a-tocotrienol (30|xg/mL), )3-tocotrienol (4|jLg/mL), y-tocotrienol (10|j.g/
mL) and 5-tocotrienol (30 |jLg/mL). Working standard mixtures, with con-
centrations in the expected samples range, were prepared from the stock
standard mixture.
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Internal Standard
Rac-Tocopherol (Tocol) (Matreya Inc., PA, USA) was used as internal
standard (IS). A stock solution (10 mg/mL) prepared in n-hexane was kept
at -4°C, protected from light, and diluted to working solutions (500 |xg/
mL) as necessary.
Anti-oxidant
2,6-Ditertbutyl-4-methylphenol (BHT) was obtained from Aldrich (Madrid,
Spain). A working solution was prepared in n-hexane at a concentration of
10 mg/mL.
Other
n-Hexane was HPLC-grade from Merck (Darmstad, Germany) and 1,4-dioxane
was from Fluka (Madrid, Spain). All other reagents were of analytical grade.
Sample Preparation
Walnut samples were collected in Coimbra, Portugal. The samples were
manually cracked, shelled, and chopped in a coffee mill and then immediately
extracted using a simple solid-liquid extraction procedure. Then, a sample
(approximately 600 mg) of finely chopped walnuts was accurately weighted
in glass screw cap test tubes (Supelco, Bellefonte, Pa., USA) and, sub-
sequently, the internal standard (150 jjiL of tocol solution) and the antioxidant
(100|JLL of BHT solution) were added. The sample was homogenized for
1 min by vortex mixing, after the addition of each of the following reagents:
ethanol (2mL), extracting solvent (n-hexane, 4mL), and NaCl saturated
solution (2mL). Subsequently, the sample was centrifuged (2 min,
5000 rpm) and the clear upper layer removed to another screw cap test tube.
The sample was re-extracted twice. The combined extracts were taken to
dryness under a nitrogen steam on a Reacti-Therm module (Pierce,
Rockford, IL, USA) and the residue reconstituted to a volume of 1.5 mL
with n-hexane. The extract was dried with anhydrous sodium sulphate, centri-
fuged (lOOOOg, 20 seconds), transferred into a dark 2.0 mL vial, and loaded
into the HPLC programmable auto-sampler.
Chromatography
The best resolution was obtained with a mixture of n-hexane and 1,4-dioxane
96.5 :3.5, v/v, at a flow rate of 0.7 mL/min. The injection volume was 10 |xL.
The effluent was monitored with a diode-array detector, connected in series
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with a fluorescence detector programmed for excitation at 290 nm and
emission at 330 nm. The compounds were identified by comparing their
retention time and UV spectra with authentic standards. Quantification was
made by fluorescence detection based on the internal standard method.
RESULTS AND DISCUSSION
Since the compounds under study are sensitive to light, heat, and oxygen, '^'^ ^
all standards and samples preparation was performed in a dark room with
subdued red light and, as possible, during all the procedures the samples
were kept on ice. In order to avoid the oxidation of the vitamins, several
authors suggest the use of an antioxidant. Since BHT is often described for
this purpose, and under the conditions of this method it gives no interferences
with any eluting compound, it was used as antioxidant.
Eluent
Hexane, alone or with small quantities of more polar solvents, is the most fre-
quently used mobile phase in the analysis of tocopherols using NP-HPLC,''^'
In the present work, the used mobile phase was a mixture of «-hexane and 1,4-
dioxane, being the organic polar modifier (1,4-dioxane) tested in different pro-
portions (2.5%, 3%, 3.5%, 4% and 5%). Better results were achieved using
3.5% (v/v) of 1,4-dioxane, allowing a good separation of all isomers in a
short period of time.
Fluorescence Detector Settings
The fluorescence detector was selected for quantification purposes since it
provided a higher sensitivity than the DAD detector. Since y-tocopherol is
reported to be the major isomer in walnuts''^'^^^ and the other isomers were
expected to occur in much lower quantities, different gains settled in the
fluorescence detector were tested, in order to detect all the 8 isomers in the
same run, and at the same time, allow their quantification. The better condi-
tions achieved were: Omin: gain 10; 11.5 min: gain 100; 14.3 min: gain 10
(Figure IA). Although the proposed conditions allow the quantification of
the 8 isomers in the same run, only 5 isomers were detected in the studied
samples (Figure IB).
Standard Calibration Curves and Detection Limits
In order to improve the accuracy, precision, and robustness of the method,
quantification was done by the internal standard method. Tocol was used as
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Figure 1. Chromatogram of a working standard mixture (A) and of a walnut
sample (B), Peaks: LS,, internal standard (tocol); 1, a-tocopherol; 2, a-tocotrienol;
3, /3-tocopherol; 4, y-tocopherol; 5, /3-tocotrienol; 6, y-tocotrienol; 7, 8-tocopherol;
8, S-tocotrienol, HPLC conditions as described in Experimental,
internal standard, since it is reported to be frequently employed for this
purpose due to its chemical similarity with the analysed compounds,
A linear relationship between the concentration of the compounds and the
fluorescence detector response was obtained under the assayed conditions
(Table 1). A 6-level calibration curve was constructed for each compound.
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using the peak-area ratio between the vitamin E isomer and tocol versus con-
centration of the standard (jjig/mL). The calibration curves were obtained by
triplicate determinations for each level used. The correlation coefficients
invariably exceeded 0.999 for all the compounds (Table 1). The detection
limits were calculated as the concentration corresponding to three times the
standard deviation of the background noise, and the values ranged from
0.037 to 0.266 |xg/mL (Table 1).
A typical chromatogram of a standard mixture is shown in Figure 1. The
retention times (RT) obtained for the studied compounds are present in
Table 1.
Validation of the Method: Precision, Accuracy, and Recoveries
The precision of the chromatographic method was evaluated by measuring the
peak chromatographic area of the compounds in the same sample extract
injected 6 times. The chromatographic method proved to be precise, since the
coefficients of variation were low (between 0.52% and 2.84%). For each
compound detected in walnut samples, the reproducibility of the method was
evaluated by detennining the coeflicient of variation of six consecutive
extractions of the same hazelnut sample. The obtained coefficient of varia-
tion values were low (ranging from 1.90% to 5.64%). Results are shown in
Table 1.
The effectiveness of the extraction procedure and the accuracy of the
method were evaluated by the standard addition procedure (% of recovery)
with three additional levels for each compound and duplicate determinations
for each concentration level. Results of recovery studies are presented in
Table 2 and demonstrate the good recovery for the compounds under study
(mean values ranging from 93.4% to 104.0%). These results confirmed no
interferences effects due to the complexity of the matrix.
Mean results obtained for the walnut cultivar under study are presented in
Table 1. Figure IB shows a typical chromatogram of a walnut sample.
CONCLUSIONS
The mobile phase composition and the fluorescence detector settings were
optimized in order to separate all the isomers and allow the accurate quantifi-
cation of the ones detected in walnut samples. The use of the fluorescence
detector provided a higher sensitivity and selectivity, while the use of the
DAD detector allowed the confirmation of the identity of the compounds
by its spectrum analysis. The main advantages of this method are the
simple sample preparation, and the simultaneous determination of the eight
vitamin E naturally occurring isomers in less than 22 min. Although in
walnut samples, besides the four tocopherols (a-, /3-, y-, 8-T) only one
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Table 2. Recoveries of tocopherols and tocotrienols from a spiked walnut sample"
Present Added Found
Recovery
Average
a-tocopherol
a-tocotrienol
/3-tocopherol
•y-tocopherol
jS-tocotrienol
•y-tocotrienol
8-tocopherol
5-tocotrienol
9,99
0,00
0,72
190.05
0,00
2.53
8,37
0,00
12,12
24,17
48.53
4,85
9,67
19,41
4.85
9.67
19,41
24,25
48.34
97.05
0,65
1,29
2,59
1,62
3.22
6,47
4,85
9,67
19.41
4,85
9,67
19,41
22,63
33.01
56,42
4,87
9,11
17.91
5,26
9,70
18,60
228.18
242.79
297,83
0,63
1,23
2.41
4,19
5,45
8,54
13,68
18.31
27,89
4,86
9.20
18.08
102,3
96.6
96,5
100,5
94,2
92.4
94.4
93,3
92,5
106,5
101.8
103,8
98,1
95,1
93,3
101.2
94,9
95,0
103,4
101,5
100.5
100,1
95,1
93.3
98,5
95,7
93.4
104,0
95,5
97,0
101,8
96,2
"Mean value found for duplicate assays for each studied concentration.
tocotrienol (y-TTR) was detected, the method seems to be useful when
applied to similar matrices having other tocotrienols in their composition,
since the recoveries values were high for all the compounds, including the
isomers not detected in the samples.
In conclusion, the technique herein presented proved to be suitable for the
simultaneous and individual determination of all tocopherols and tocotrienols
isomers in the proposed matrix (walnuts). This is of great importance, since it
is known that the different vitamers present different biological potencies. The
results obtained demonstrate that the method is sensitive, precise, accurate,
and fast, being suitable for routine determinations.
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